Five simple, accurate, precise, and economical spectrophotometric methods have been developed for the determination of cefixime trihydrate (CFX) in the presence of its acid and alkali degradation products without prior separation. In the first method, second derivative ( 
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D) spectrophotometry was applied to the absorption spectra of CFX and its acid (
ratio spectrophotometric method where the peak amplitudes were measured at 311 nm in presence of the acid degradation product, and 273 and 306 nm in presence of its alkali degradation product. The third method was ratio subtraction spectrophotometry where the drug is determined at 286 nm in laboratory-prepared mixtures of CFX and its acid or alkali degradation product. The fourth method was based on dual wavelength analysis; two wavelengths were selected at which the absorbances of one component were the same, so wavelengths 209 and 252 nm were used to determine CFX in presence of its acid degradation product and 310 and 321 nm in presence of its alkali degradation product. The fifth method was bivariate spectrophotometric calibration based on four linear regression equations obtained at the wavelengths 231 and 290 nm, and 231 and 285 nm for the binary mixture of CFX with either its acid or alkali degradation product, respectively. The developed methods were successfully applied to the analysis of CFX in laboratory-prepared mixtures and pharmaceutical formulations with good recoveries, and their validation was carried out following the International Conference on Harmonization guidelines. The results obtained were statistically compared with each other and showed no significant difference with respect to accuracy and precision. C ephalosporins are semisynthetic antibiotics derived from products of various microorganisms, including Cephalosporium and Streptomyces. Cephalosporins are largely considered to be an extremely valuable alternative to penicillins for the treatment of a wide range of infectious diseases caused by susceptible organisms (1) .
Cefixime trihydrate (CFX) is a semisynthetic orally absorbed, broad spectrum, third-generation cephalosporin that is extensively used in clinical practice in the treatment of susceptible infections including gonorrhea, otitis media, pharyngitis, bronchitis, and urinary tract infections. The drug and its two isolated degradation products were subjected to identification by IR spectroscopy and MS. It was found that the activity originating from the lactam carbonyl group was not observed in IR spectra of both alkali and acid degradation products, so the the absence of activity upon degradation is due to the opening of ß-lactam ring .
Therefore, there is a need for simple, sensitive, and accurate methods for evaluation of CFX in the presence of its degradation products in pure powder and in pharmaceutical formulations. Various techniques have been utilized for their determination in body fluids and dosage forms, including spectrophotometric (2, 3), spectrofluorometric (4), chemometric (5), chromatographic (6) (7) (8) , and electrochemical (9, 10) . Few methods have been published for the determination of CFX in the presence of its degradates therefore this paper presents simple and easy techniques for stability determination of this drug in the presence of its acid and alkali degradation products.
Experimental
Apparatus
Spectrophotometric studies were carried out with a Shimadzu (Columbia, MD) 1651 dual beam UV-Vis spectrophotometer with a fixed slit width (2 nm) connected to an IBM personal computer loaded with Shimadzu UVPC software.
Pure Sample
CFX was kindly supplied by SIGMA Pharmaceutical Industries, Cairo, Egypt. Its purity was 99.74 ± 0.59% according to an HPLC official method (6) . 
Pharmaceutical Dosage Forms
Reagents and Solvents
All reagents and solvents used throughout this work were of analytical purity grade.
(a) Water.-Obtained in a Milli-Q water purification system (EMD Millipore, Billerica, MA).
, ammonium hydroxide (30%), and ammonium acetate.-ADWIC (El Nasr Pharmaceutical and Chemical Co., Cairo, Egypt).
Acid Degradation Product of CFX (0.125 mg/mL)
Prepared by refluxing 12.5 mg pure CFX with 25 mL 1 M HCl for 1.5 h neutralizing with 1 M NaOH, then quantitatively transferring into a 100 mL volumetric flask and completing the volume with water.
Alkali Degradation Product of CFX (0.125 mg/mL)
Prepared by refluxing 12.5 mg pure CFX with 25 mL 1 M NaOH for 1 h, neutralizing with 1 M HCl, then quantitatively transferring into a 100 mL volumetric flask and completing the volume with water.
CFX Standard Solution (0.125 mg/mL)
Prepared in a 100 mL volumetric flask by dissolving 12.5 mg pure CFX in 5 mL methanol, then diluting to volume with water.
Elucidation of the Structure of Degradation Products
Complete degradation was achieved by TLC using methanolammonium hydroxide (10 + 0.1, v/v) as a developing solvent. The solution was neutralized and evaporated under vacuum to dryness. The degradation product was extracted using 20 mL dimethylformamide (to avoid dissolution of NaCl). DMF extract was evaporated again under vacuum to dryness and extracted using 5 mL methanol. The methanolic extract was evaporated at room temperature to give crystals of the degradation product. The structure of the isolated degradation product was elucidated using IR and mass spectrometry.
Construction of Calibration Curves
Aliquots equivalent to 62.5-625 μg CFX from a standard solution (0.125 mg/mL) were transferred accurately into a series of 25 mL volumetric flasks, and the volumes were completed to the mark with water. Zero order spectra were recorded in the range of 200 to 400 nm using water as a blank.
Recording the Absorption Spectra of LaboratoryPrepared Mixtures
Aliquots from 4.5 to 0.5 mL were separately transferred from CFX standard solution (0.125 mg/mL) into 25 mL volumetric flasks. To these solutions, aliquots of 0.5 to 4.5 mL acid degradation product of CFX standard solution (0.125 mg/mL) were added separately, and the volumes were completed with water. The absorption spectra were recorded in the range of 200-400 nm. The same procedures were applied to record the absorption spectra of laboratory-prepared mixtures of CFX and its alkali degradation product using the corresponding working standard solution (0.125 mg/mL) of each.
(a) Derivative spectrophotometric method.-Second derivative ( 2 D) spectrophotometry was applied to the absorption spectra of CFX and its acid degradation product binary mixtures with Δλ = 4 nm and scaling factor 100. CFX was determined at 289 nm. First derivative ( 1 D) spectrophotometry was applied to the absorption spectra of CFX and its alkali degradation product binary mixtures with Δλ = 4 nm and scaling factor 10. CFX was determined at 308 nm.
(b) First derivative ratio spectrophotometric ( 1 DD) method.-These zero order spectra of laboratory-prepared mixtures of CFX and its acid degradation product were divided by the spectrum of the acid degradation products (25 μg/mL), then 1 DD was applied using scaling factor 10 and Δλ = 4 nm. Peak amplitudes were measured at 311 nm, and the concentrations of CFX in mixtures were calculated from the corresponding regression equation.
The same procedures were applied to laboratory-prepared mixtures of CFX and its alkali degradation product by dividing the zero order spectra of laboratory-prepared mixtures by the spectrum of the alkali degradation products (25 μg/mL), then 1 DD was applied using scaling factor 10 and Δλ = 4 nm. Peak amplitudes were measured at 273 and 306 nm, and the concentrations of CFX in mixtures were calculated from the corresponding regression equations.
(c) Ratio subtraction spectrophotometric method.-Zero order spectra of the laboratory-prepared mixtures previously mentioned were divided by the corresponding spectrum of 12.5 μg/mL solution of either acid or alkali degradation product to obtain division spectra. The absorbance in the plateau region at 368-380 or 362-382 nm (for the spectra of laboratoryprepared mixtures with acid or with alkali degradation product, respectively) were subtracted from the division spectra, and then the obtained curves were multiplied by the corresponding spectrum of 12.5 μg/mL of either acid or alkali degradate of CFX. The obtained curves were used for direct determination of CFX at 286 nm. The concentrations of the intact drug were calculated from its corresponding regression equations.
(d) Dual wavelength spectrophotometric method.-The difference in absorbance between 209 and 252 nm was recorded for mixtures of CFX with its acid degradation product. For mixtures of CFX with its alkali degradation product, the difference in absorbance was recorded between 310 and 321 nm.
(e) Bivariate spectrophotometric method.-Three series of standard solutions of CFX, acid degradation product, and alkali degradation product containing aliquots (62.5-625 μg) were prepared from the stock solution (0.125 mg/mL, each) for bivariate calibration. Spectra of the obtained solutions were recorded in the range of 200-400 nm and stored in the computer. Calibration curves were constructed at 231, 250, 270, 285, 290, 300, 317, and 327 nm. Regression equations were constructed at these wavelengths relating the absorbances at each wavelength to the concentration of either CFX or its acid or alkali degradation product. From these regression equations, slopes of CFX with either its acid or alkali degradation product at the selected wavelengths were used to calculate the sensitivity matrixes K values and so to choose the maximum K value corresponding to two wavelengths at which the laboratory-prepared mixtures were measured.
Absorbance at the corresponding two chosen wavelengths for CFX with either its acid or alkali degradation product was determined. Kaiser's equations were computed at λ= 231 and 290 nm, and 231 and 285 nm. These values of absorbance were used in Kaiser's equations to calculate the concentrations of CFX in laboratory-prepared mixtures with either its acid or alkali degradation product.
Analysis of Pharmaceuticals
(a) Analysis of capsules.-The content of 10 capsules were emptied and weighed. An amount equivalent to 25 mg CFX was weighed, transferred into a 100 mL volumetric flask, and stirred with 10 mL methanol using a magnetic stirrer for 5 min, and then the volume was completed with water. The solution was filtered. Further dilution was made using water to obtain a 0.125 mg/mL solution. An aliquot equivalent to 250 μg was transferred accurately into a 25 mL volumetric flask, the volume was completed to the mark with water, the absorbance at the chosen wavelengths was determined, and the concentration of CFX was calculated from the corresponding regression equations for each method.
(b) Analysis of suspensions.-The powder content of two bottles was extracted with 50 mL methanol using a magnetic stirrer for 10 min, then filtration was performed into a 100 mL volumetric flask; the residue was washed several times with water, and then the volume was completed with water. Further dilution was made using water to obtain a 0.125 mg/mL solution. An aliquot equivalent to 250 μg was transferred accurately into a 25 mL volumetric flask, the volume was completed to the mark with water, the absorbance at the chosen wavelengths was determined, and the concentration of CFX was calculated from the corresponding regression equations for each method.
Results and Discussion
Degradation of CFX
CFX was degraded by refluxing with 1M HCl or 1M NaOH and the degradation processes were monitored by spotting on precoated TLC plates, (silica gel 60 F254, 20 × 20 cm, 0.25 mm) purchased from E. Merk (Darmstadt, Germany) using methanolammonium hydroxide (10 + 0.1, v/v) as the developing system. The spots were visualized under UV lamp at 254 nm. Only one spot different than that of CFX was observed for either acid or alkali degradation products. It was found that complete degradation of CFX occurred after 1.5 and 1 h for the acid and alkali degradation process, respectively. Koda et al. (11) studied the degradation of CFX at 25°C over a pH range of 1 to 9, and the resulting degradation products were isolated and purified using RP chromatography with a preparative column. Structures of the isolated degradation products were confirmed by IR, 1 H NMR, mass, and UV spectroscopy. Two degradates were formed by alkali degradation and another two by acid degradation. In order to ensure complete degradation and isolate the degradation products, more drastic conditions were used in our experiment by increasing the temperature (refluxing for 1 and 1.5 h for alkaline and acid hydrolysis, respectively) and increasing the concentration of the acid and alkali used for hydrolysis. Complete degradation was confirmed by silica gel TLC using methanolammonium hydroxide (10 + 1, v/v) as mobile phase. The obtained degradates were isolated and subjected to identification by IR spectroscopy and MS. Only one degradation product could be isolated from acid degradation and another one was isolated from alkaline degradation (Figure 1 ). The IR spectrum of intact CFX (Figure 2) shows that the characteristic band at 1770.65 cm
originating from the lactam carbonyl group was not observed in IR spectra of both alkali and acid degradation products ( Figures 3  and 4, respectively) , which indicates the opening of ß-lactam ring upon degradation, which means the absence of activity upon degradation. For further confirmation MS was applied using ion peaks at m/z 472, and 473 for the alkali and acid degradation product, respectively, which are equivalent to their respective MWs (Figures 5 and 6 ).
Derivative Spectrophotometry
Acid and alkali degradation products of CFX have absorption spectra that overlap with that of intact CFX (Figure 7 ). Upon examining their first derivative spectra, the severe overlap could be resolved for CFX and its alkali degradation product and CFX could be determined at 308 nm (Figure 8a ). By applying second derivative spectrophotometry, CFX could be determined at 289 nm, where its acid degradation product has zero crossing ( Figure 8b ). CFX could be determined in the presence of up to 90% of acid or alkali degradation product at all selected wavelengths (Table 1) .
DD Method
The ratio spectra of laboratory-prepared mixtures of CFX with either its acid or alkali degradation product were obtained using 25 µg/mL of the corresponding degradation product as a divisor (Figure 9a and b) . The first derivative of the ratio spectra were obtained using scaling factor 10 and ∆λ = 8 nm (Figure 9c and d) . Peak amplitudes at 1 DD 311 using the acid degradation product spectrum as divisor and at ( 1 DD 273 , 1 DD 306 ) using the alkali degradation product spectrum as a divisor were proportional to CFX concentration, and it could be determined in the presence of 90% of acid or alkali degradation product at all selected wavelengths ( Table 1) .
The ratio spectra derivative method permits the use of different concentrations of degradation products as a divisor to obtain different calibration curves. The concentration of the divisor was studied, and it was found that dividing by the spectrum of 25 μg/mL degradation product gave the best compromise in terms of repeatability and S/N. The influence of Δλ for the first derivative spectra was also tested. It was found suitable to use the value of Δλ = 8 nm.
Ratio Subtraction Spectrophotometry
The theory of the ratio subtraction method (12) depends on the method being applied for determination of mixtures of drug (X) and its degradation product (Y) where the spectrum of the degradation product is extended more than the other, as shown in (Figure 7 ). The determination of CFX could be achieved by scanning the zero order absorption spectra of laboratoryprepared mixtures, then dividing them by a carefully chosen concentration (12.5 μg/mL) of standard CFX degradation product to produce a new ratio spectra that represents X/Y + constant, then subtraction of the absorbance values of these constants in the (a) plateau represents X/Y followed by multiplication of the obtained spectra by the divisor ; finally, the original spectra of CFX, which are used for direct determination of CFX at 286 nm, could be obtained and the concentration from the corresponding regression equation could be calculated. Different divisor concentrations (2.5, 5, and 12.5 μg/mL) were tried. The divisor concentration 12.5 μg/mL was the best regarding average recovery percentage when the method was used for the determination of CFX concentrations in laboratory-prepared mixtures. The spectra of the mixtures of CFX with either its acid or alkali degradation product were also scanned (Figure 10a and b, respectively) , then divided by the corresponding spectrum of 12.5 μg/mL of either acid or alkali degradation product as shown in Figure 10c and d, respectively. After the subtraction of the absorbance of the plateau at 368-380 or 362-382 nm (for the spectra of laboratoryprepared mixtures with acid or with alkali degradation product, respectively) as shown in Figure 10e and f), the obtained spectra were multiplied by the corresponding spectrum of the divisor (12.5 μg/mL) of either acid or alkali degradation product of CFX as shown in Figure 10g and h, respectively. Finally, the last spectra were used for direct determination of CFX at 286 nm, and the concentration of the drug was calculated from the corresponding regression equation. CFX could be determined at 286 nm in the presence of up to 80 and 90% of the acid and alkali degradation product, respectively, ( Table 1) .
Dual Wavelength Spectrophotometric Method
The dual wavelength spectrophotometric method has been discussed for application to the resolution of mixtures of two components with extensively or even completely overlapping spectra with coincident peak maxima but different spectral features. It uses the analytical signal data at two accurately selected wavelengths. The interference of one component is nullified by carefully selecting a pair of wavelengths at which the difference in the analyte signals has to be linear while the difference in interferent signal remains zero (13) . The theory of this method could be confirmed experimentally by recording zero order absorption spectra of CFX and its acid degradation product to select the pair of wavelengths (209 and 252 nm) of measurements (Figure 11a ). Then the difference in absorbance at 209 and 252 nm was calculated and plotted against the corresponding concentration of CFX. The same approach was used for the selected pair of wavelengths (310 and 321 nm) for CFX and its alkali degradation product (Figure 11b ). CFX could be determined in the presence of up to 80% of acid or alkali degradation product (Table 1) .
Bivariate Spectrophotometric Method
Bivariate spectrophotometry is one of the simplest forms of quantitative (statistical) analysis. It involves the analysis of two variables (often denoted as X, Y) for the purpose of determining the empirical relationship between them. In order to see if the variables are related to one another, it is common to measure how the two variables simultaneously change together (14) . In order to apply the bivariate method in the resolution of a binary mixture of CFX with either its acid or alkaline degradate, their absorption spectra were recorded. The absorbances of the three components at the eight different selected wavelengths in the region of overlap, such as 231, 250, 270, 285, 290, 300, 317, and 327 nm, were measured. The calibration curves were then constructed at each selected wavelength for each component to ensure a linear relationship between absorbance and the corresponding concentration. The regression equations were calculated for all the calibration curves at the selected wavelengths.
According to Kaiser's method, the slope values of the linear regression equations for CFX with either its acid or alkali degradation product at the selected wavelengths were used to calculate K values (sensitivity matrixes) to find the optimum pair of wavelengths at which the binary mixtures were recorded. For the binary mixture of CFX with either its acid or alkali degradation product, (231 and 290 nm) and (231 and 285 nm), respectively, were found to give the maximum values of K as shown in Tables 2  and 3 . The linear regression calibration equations used for the bivariate algorithm are presented in Table 4 . The concentration was calculated by the following equations:
where C A = concentration of component A (CFX), C B = concentration of component B (degradation product), m A1 = slope for component A (CFX) at λ 1 , m A2 = slope for component A (CFX) at λ 2 , m B1 = slope for component B (degradation product) at λ 1 , m B2 = slope for component B (degradation product) at λ 2 , A AB1 = absorbance of binary mixture at λ 1 , A AB2 = absorbance of binary mixture at λ 2 , e AB1 = the sum of intercepts for both components A and B at λ 1 , and e AB2 = the sum of intercepts for both components A and B at λ 2 . CFX could be determined in the presence of up to 90 and 80% of acid and alkali degradation product, respectively. The proposed methods were also applied for the determination of CFX in its dosage forms, and the results obtained are shown in Table 5 . The standard addition technique was applied to observe the effects of the excipients in the analysis of the dosage The intraday RSD (n = 9), average of (5, 10, and 20 μg/mL) of CFX by the proposed method, repeated three times within a day.
b
The interday RSD (n = 9), average of (5, 10, and 20 μg/mL) of CFX by the proposed method, repeated three times on 3 different days.
c LOD = (SD of response/slope) × 3.3, LOQ = (SD of response/slope) × 10.
formulations, and no interference effect was found. Recoveries and corresponding RSD values are presented in Table 6 . In this study, five proposed methods were validated by analyzing the synthetic mixtures of CFX with either its acid or alkali degradation product. To check the validity of the calibration methods, the recovery of CFX in synthetic mixtures containing various concentrations of acid or alkali degradation product was performed by the proposed methods. The mean recoveries and the RSD values of the methods are summarized in Table 7 . Their numerical values were satisfactory to validate the accuracy and precision of all calibration methods. The proposed methods were compared statistically with the official method (6) using 0.01 M tetrabutylammonium hydroxide-acetonitrile (3 + 1, v/v) as the mobile phase (Table 8) .
Conclusions
Five spectrophotometric methods were presented for the determination of CFX in pure powder and pharmaceutical formulations and in the presence of its acid and alkali degradation products. The dual wavelength spectrophotometric method has many advantages such as no need for manipulation steps and no divisor to enhance S/N, while the limitation of this method is the critical measurement that may lead to exclusion of smaller values due to high error. The suggested methods are simple, fast, do not require sophisticated techniques or instruments, and can be used in routine and QC analysis of intact CFX in raw material and pharmaceutical formulations without interference of degradation products or excipients. Official method is HPLC method using 0.01 M tetrabutylammonium hydroxide-acetonitrile (3 + 1, v/v) as the mobile phase.
b
The values between parentheses are the corresponding theoretical values of t and F at (P = 0.05).
